Su(H)-Mediated Repression Positions Gene Boundaries along the Dorsal-Ventral Axis of Drosophila Embryos by Ozdemir, Anil et al.
Developmental Cell, Volume 31 
Supplemental Information 
Su(H)-Mediated Repression Positions Gene  
Boundaries along the Dorsal-Ventral Axis  
of Drosophila Embryos 
Anil Ozdemir, Lijia Ma, Kevin P. White, and Angelike Stathopoulos 
 
	  
2 
SUPPLEMENTAL DATA 
 
 
 
 
 
Figure S1, related to Figure 1.  Expression of proximal and distal sna CRMs in wild type 
versus twi and sna mutant embryos  
(A) A schematic of the 15kb region around sna and Tim17b2 genes.  Displayed are exons for sna 
and Tim17b2 genes (orange) and their corresponding 5’ and 3’ UTRs (gray), as well as location 
of two CRMS: 6kb proximal sna (snaProximal; light blue) and 2kb distal sna (snaDistal; purple).  
Relevant transcription factor binding sites are shown as small vertical boxes: Dl: GGG(W)3-
5CYV (red), Twi: CACATG,CATATG (green), and other E-boxes present within CRMs: 
CAAATG,CACGTG (black). 
(B-M) Expression from sna associated CRMs was examined in wild type (B-E), twi1 mutant (F-
I), and sna1 mutant (J-M) embryos. Lateral views of embryos in which lacZ or cherry riboprobes 
were used for in situ hybridization to detect expression supported by reporters snaProximal-lacZ 
(B,C,F,G,J,K) or snaDistal-cherry (D,E,H,I,L,M), respectively.  
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Figure S2, related to Figure 5.  brk3’ and sogDistal CRMs support dorsal repression in 
chimeric enhancer assays 
(A,D) Schematics of transcription factor binding sites consensus matches within the 1.2kb brk3’ 
(A) and 2kb sogDistal (D) CRMs.   
(B,C,E,F) Lateral (B,E) and ventrolateral (C,F) views of wild type embryos in which a riboprobe 
to lacZ was used for in situ hybridization to assay expression supported by the chimeric st3-brk3’ 
(B, C) or st3-sogDistal (E,F) enhancers. 
(G) A schematic of the 2kb sogDistal CRM showing regions assayed by four, smaller sogDistal 
fragments, marked by horizontal lines demarking sogDistal.I, II, III, IV minimal enhancers. 
(H-K) Lateral views of wild type embryos in which the lacZ riboprobes was used for in situ 
hybridization to assay expression supported by the chimeric st3-sogDistal.I (H), st3-sogDistal.II (I), 
st3-sogDistal.III (J), and st3-sogDistal.IV (K) minimal enhancers. 
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The st3-sogDistal.III enhancer was chosen for Su(H) mutagenesis (shown in main text Figures 5P) 
as (i) expression supported by this construct matches that of endogenous sog (see Figure 5O) and 
(ii) it supports dorsal repression in chimeric enhancer assays suggesting input by Su(H) (J). 
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Figure S3, related to Figure 6.  Synthetic reporter constructs recapitulate in vivo 
expression patterns of genes expressed along the DV axis  
(A-J)  Binding sites for Dl, Su(H), and Zld transcription factors were introduced into synthetic 
reporter constructs and assayed in chimeric assay with st3.  The sequence of synthetic constructs 
is shown as are schematics depicting organization and number of binding sites designed for Dl 
(red), Su(H) (pink), and Zld (orange).  The rainbow palette micrographs were generated on the 
same set of data shown in Figure 6A-J.  Each panel shows fluorescence intensities of lacZ 
reporter expression measured by Zeiss LSM software on a scale of 01-250.     
(K-K’)  Ventral view of expression supported by the dl-[dl-Su(H)]-Su(H) as a chimeric enhancer 
assay with st3.  Expression of lacZ (K), or lacZ and sim (K’) was assayed by in situ hybridization 
using the respective riboprobes. Expression of lacZ is observed overlapping with the sim domain, 
in more anterior regions where activation from the synthetic construct is not repressed by Kni via 
the st3 component of these chimeric enhancer reporters. 
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Table S1, related to Figure 7.  TF Binding site composition of CRMs of DV target genes. 
Consensus sequences from: Yao et al., 2008; Morel and Schweisguth, 2000; Liberman and 
Stathopoulos, 2009; and Harrison et al., 2011.          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CRM name CRM size
Number of SMM binding sites 
(GNCKNCNNNNNGTCTG)
Number of Su(H) binding 
sites (RTGRGAR)
Number of Dorsal binding sites  
[GGG(W)3-­‐5CYV]
Number of Zelda binding sites  
(CAGGYAR)
sna Proximal 6kb - 12 10 8
sim 630bp - 7 1 3
sog D istal 2kb - 6 4 4
sna D istal 2kb - 6 2 5
brk 5' 1.2kb - 3 4 -
brk 3' 1.2kb - 3 3 -
vnd 750bp 1 3 4 4
rho 299bp - 3 1 -
vein 500bp - 2 2 2
ind 1.4kb 1 1 1 5
sog Proximal 390bp 1 - 4 2
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SUPPLEMENTAL EXPERIMENTAL PRODECURES 
Cloning and generation of reporter and chimeric constructs 
eve-stripe 3/7 enhancer was amplified from yw genomic DNA using st3-HindIII F (5’-
AAGCTTTCGAAATCGAGAGCGACCTCG-3’) and st3-HindIII R (5’ 
AAGCTTGAGCTCGTAAAAACGTGAATGCCATC-3’) primers and cloned into HindIII site 
of the evepromoter-lacZ-attB vector (Liberman and Stathopoulos, 2009). Chimeric enhancers were 
cloned into either KpnI site or KpnI/XbaI sites of this vector. To clone synthetic constructs 
shown in Figure 6, two complementary oligos were annealed by denaturing at 90 °C for 5mins, 
and cooling to room temperature in oligo annealing buffer 10mM Tris pH 8.0, 1mM EDTA pH 
8.0, 50mM NaCl. Double stranded synthetic oligos were digested with KpnI/XbaI for 2 hours, 
purified using Qiagen Nucleotide removal kit (Cat # 28304), and cloned into st3- evepromoter-lacZ-
attB vector. Mutagenesis of Twi and Su(H) binding sites were done using PCR based 
megaprimer method (Sarkar and Sommer, 1990). Twi binding site was mutagenized 
CANNTG>tANNTc. Su(H) binding sites were mutagenized by introducing the following 
changes: RTGRGAR>tcaaGAR for non-overlapping Su(H) sites, or RTGRGAR>tcGRGAR for 
overlapping Dl-Su(H) sites. Site-directed transgenesis was carried out in house using D. 
melanogaster stock containing attP insertion site at position ZH-86Fb (Bloomington stock 
23648) (Bischof et al., 2007). 
 
Chromatin preparation, DNA isolation, amplification, and sequencing 
Chromatin was prepared as described previously (Ozdemir et al., 2011) from 1g of yw embryos 
of 2-4 hours in age. Su(H) antibodies were purchased from Santa Cruz (goat polyclonal #sc-
15813, and rabbit polyclonal #sc-25761). The goat polyclonal antibody was used in a prior study 
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to examine Su(H) binding in Drosophila S2 cells (Krejci and Bray, 2007). Two replicate samples 
were analyzed using both goat and rabbit antibodies. DNA sequencing of samples was performed 
according to standard Illumina protocols at Caltech Genome Center. The ChIP-seq input control 
was processed equivalently to the Su(H) ChIP-seq sample, except that it was not 
immunoprecipitated (no antibody or bead processing). Each ChIP-seq library was sequenced to a 
total of 40 million reads.  
 ChIP-seq data (three IP samples and one input sample) was processed according to 
modENCODE/ENCODE standard ChIP-seq processing pipeline. Sequencing reads were mapped 
to Drosophila melanogaster genome (version FlyBase r5) using BWA (version 0.7.5a) (Li and 
Durbin, 2009) with at most two mismatches. Multiple hits alignments (>=2) and low mapping 
quality alignments (<30) were further removed. For “Santa Cruz Rabbit Antibody” ChIP-seq 
data, significant binding regions were called using SPP (version 2.0, modified by Anshul 
Kundaje) (Kharchenko et al., 2008) by selecting the top number of peaks according to IDR test 
(modified version by Anshul Kundaje) (Li et al., 2011). For “Santa Cruz Goat Antibody” data, 
the top 1,500 enriched regions were generated as putative binding sites. For both datasets, the 
signal tracks in wig format were also generated by SPP. 
This ChIP-seq data processing pipeline is available on “Open Science Data Cloud” at The 
University of Chicago (https://www.opensciencedatacloud.org).  
 
Primer Sequences Used for Cloning 
snaDistal F, 5’-AATTGGTACCACAATTAGCTGCCGTTTGCAGC-3’; snaDistal R, 5’-AATTGGT 
ACCTGTAGCACCCTTGAACTTGTTGTG-3’; snaproximal D-S F, 5’-AATGGTACCTGAAAATC 
GAACTTCATCCCAGCACCTG-3’; snaproximal D-S R, 5’-AATTCTAGACCCCTCAGCATCCA 
GCTGAGTC-3’; snaDistal.I F, 5’-AATTGGTACCACAATTAGCTGCCGTTTGCAGC-3’; sna 
Distal.I R, 5’-AATTCTAGAGCTGGGAAATCGGCGTTGCC-3’;  snaDistal.II F, 5’-AATTGGTAC 
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CATTTCCCAGCAACACATGGAC-3’;  snaDistal.II R, 5’-AATTGGTACCATTTTTTGCGGTG 
TAACTGTGA-3’; snaDistal.III F, 5’-AATTGGTACCTGAGAGAGACTGGCACATG-3’; sna 
Distal.III R, 5’-	  AATTGGTACCGCTTTATTAAATTTGTTTTCACAAACC-3’; snaDistal.IV F, 5’-
AATTGGTACCGTTGAGGCTAATAGAAAATTCAAGAAA-3’; snaDistal.IV R, 5’-AATTGGT 
ACCTGTAGCACCCTTGAACTTGTTGTG-3’; snaDistal.II.1 F, 5’-AATTGGTACCATTTCCCA 
GCAACACATGGAC-3’; snaDistal.II.1 R, 5’-ATTAGGTACCGGCCGAAAAGGGATTTCCT-3’; 
snaDistal.II.2 F, 5’-ATTAGGTACCTGGGAAAACGCCGCCTA-3’; snaDistal.II.2 R, 5’-ATTAGGT 
ACCGTTGCTGTGCTTTTCCCGTAG-3’; snaDistal.II.3 F, 5’-ATTAGGTACCCAAAACATTTG 
GACACGCCTG-3’;  snaDistal.II.3 R, 5’-ATTAGGTACCGGACCGGAGCACGTACTATG-3’; 
snaDistal.II.4 F, 5’-ATTAGGTACCCGCACCTACGCGCATAGTAC-3’; snaDistal.II.4 R, 5’-ATTA 
GGTACCGGGCTCTCCGTTTTCCCAT-3’; snaDistal.II.5 F, 5’-ATTAGGTACCGAACTCCCTC 
ATGGGAAAACG-3’; snaDistal.II.5 R, 5’-AATTGGTACCATTTTTTGCGGTGTAACTGTGA-3’ 
; snaDistal.II.1-45a F, 5’-AATTGGTACCATTTCCCAGCAACACATGGACGGTGGGAAGATG 
GGAAGTCGAGC GGTACCAATT-3’; snaDistal.II.1-45a R, 5’-AATTGGTACCGCTCGACTTC 
CCATCTTCCCACCGTCCATGTGTTGCTGGGAAATGGTACCAATT-3’; snaDistal.II.1-45b F, 
5’-AATTGGTACCGGTGGGAAGATGGGAAGTCGAGCCCAGTTATAAAATCGTGGGAA 
AACGGTACCAATT-3’; snaDistal.II.1-45b R, 5’-AATTGGTACCATTTCCCAGCAACACATG 
GACGGTGGGAAGATGGGAAGTCGAGCGGTACCAATT-3’; snaDistal.II.1-45c F, 5’-TTGGT 
ACCAAAATCGTGGGAAAACGCCGCCTACAAGGAAATCCCTTTTCGGGTACCAA-3’; 
snaDistal.II .1-45c R, 5’-TTGGTACCCGAAAAGGGATTTCCTTGTAGGCGGCGTTTTCCCAC 
GATTTTGGTACCAA-3’;  snaDistal.II.1 twi∆ F, 5’-AATGGTACCATTTCCCAGCAAtACATcG 
ACGG-3’; snaDistal.II.1 twi∆ R, 5’-ATTAGGTACCGGCCGAAAAGGGATTTCCT-3’; sna 
Distal.II.1 Su(H)1-2∆ F, 5’-ATTTCCCAGCAACACATGGACGtcaaGAAGtcaaGAAGTC-3’; sna 
Distal.II Su(H)3∆ F, 5’-AGTCGAGCCCAGTTATAAAATCtcaaGAAA-3’; snaDistal.II Su(H)3∆ R, 
5’-TTTCttgaGATTTTATAACTGGGCTCGACT-3’; snaDistal.II Su(H)4∆ F, 5’-	  GGAGAACTGG 
GGAATCCAAGGAGTC-3’; snaDistal.II Su(H)4∆ R, 5’-GATTCCCCAGTTCTCCAGTTCttga-3’ 
; snaDistal.II Su(H)5-6∆ R, 5’-	  CCTCtcaaGAAAACGGAGAGCCCAGCGAAGTCGAAGGTAG 
GACCAAGtcaaGAGAGACTGGCACATGGGACTTTGAAGGTACACAGCTAT-3’; sogDistal F 
5’-AATTGGTACCCTGTGGGTGGTGAAGTGGA-3’; sogDistal R, 5’-AATTGGTACCTAAAT 
GGCTGGAGATGGAAATGG-3’; sogDistal.I F, 5’-AATTGGTACCCTGTGGGTGGTGAAGT 
GGA-3’; sogDistal.I R, 5’-AATTGGTACCTTGGATGCGGGCTTTAGTACC-3’; sogDistal.II F, 
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5’-AATTGGTACCGATCAGCCAAAGCAAACGATAAGAT-3’; sogDistal.II R, 5’-	   AATTGGT 
ACCGAATTTCCGATCGACCAGCCT-3’; sogDistal.III F, 5’-AATTGGTACCGACAGATTCC 
CGGGTTTCAGC-3’; sogDistal.III R, 5’-AATTGGTACCAACTGACAGGGGCAAGTGC-3’; 
sogDistal.IV F, 5’-AATTGGTACCCATCGTGCGTCATCTGGTG-3’; sogDistal.IV R, 5’-AATTG 
GTACCTGGCTGGAGATGGAAATGGAAAC-3’; sogDistal.III Su(H)1∆ F, 5’-GCTATAATGC 
CAACGGCATCGAG-3’; sogDistal.III Su(H)1∆ R, 5’-GTTGGCATTATAGCCACATGTGTAT 
Gtc-3’; sogDistal.III Su(H)2∆ R, 5’-CTGGTCGGATGGGCTTTTCttga-3’; sogDistal.III Su(H)2∆ F, 
5’-tcaaGAAAAGCCCATCCGACCAG-3’; sogDistal.III Su(H)3∆ F, 5’-ATGCtaccGAGTGCTCT 
CCGTGC-3’; sogDistal.III Su(H)3∆ R, 5’-GCACGGAGAGCACTCTTGAGCAT-3’; brk5’ F, 5’-	  
TTAAGGTACCCGATTAAATAAGATATATTTACTATCTAAA-3’; brk5’ R, 5’-TTAAGGT 
ACCACAGCCATCGATCGTCGATT-3’; brk5’ Su(H)1∆ F, 5’-CCGGACGGACACAAACTG 
ACC-3’; brk5’ Su(H)1∆ R, 5’-GTGTCCGTCCGGCTAATTGTAATCtc-3’; brk5’ Su(H)2∆ F, 5’ 
–GCACCTCTGGGAGATTCCCgaAACC-3’; brk5’ Su(H)2∆ R, 5’-CTCCCAGAGGTGCATC 
CTTCCAGG-3’; brk3’ F, 5’-AATGGTACCTAATCTAATAATATACAATATTACTGAGTC 
GC-3’; brk3’ R, 5’-AATTCTAGAAGCAACAATTATACCAACAGAGAGTGCAAC-3’; vn 
WT F, 5’-AATGGTACCCGGGCATTTCACTTACCTGCGTGG-3’; vn WT R, 5’-TTAATCTA 
GACTGAAACGTGGTTAAAGTGGCCATTGG-3’; vn Su(H)1∆ F, 5’-AATGGTACCGAA 
GTTAGCGGGCATTTCACTTACCTGCGCTGC-3’; vn Su(H)2∆ F, 5’-GGAAATTCCAAAAC 
ACCTCCGGCC-3’; vn Su(H)2∆ R, 5’-GTTTTGGAATTTCCGCTGGCTAAGCGTC-3’; 2xdl 
F, 5’-	   AATGGTACCGGGTTTTTCCGAGTAACGGAAATTCCCGGATCCTCTAGATTA-3’; 
2xdl R, 5’-TAATCTAGAGGATCCGGGAATTTCCGTTACTCGGAAAAACCCGGTACCAT 
T-3’; 2xdl-freeSu(H) F, 5’-AATGGTACCGGGTTTTTCCGAGTAACGGAAATTCCCGGAT 
CCGTGGGAAGTCTAGATTA-3’; 2xdl-freeSu(H) R, 5’-TAATCTAGACTTCCCACGGATC 
CGGGAATTTCCGTTACTCGGAAAAACCCGGTACCATT-3’; 2xdl-2xfreeSu(H) F, 5’-AAT 
GGTACCGGGTTTTTCCGAGTAACGGAAATTCCCGGATCCGTGGGAAATCGTGTGGGA
AGTCTAGATTA-3’; 2xdl-2xfreeSu(H) R, 5’-TAATCTAGACTTCCCACACGATTTCCCAC 
GGATCCGGGAATTTCCGTTACTCGGAAAAACCCGGTACCATT-3’; dl-[dl-Su(H)]-Su(H) 
F, 5’-ATTGGTACCGGGTTTTTCCGAGTAACGGAAATTCCCACGGATCCGTGGGAAGG 
TACCTTA-3’; dl-[dl-Su(H)]-Su(H) R, 5’-TAAGGTACCTTCCCACGGATCCGTGGGAATTT 
CCGTTACTCGGAAAAACCCGGTACCAAT-3’; 2x[dl-Su(H)] F, 5’-AATGGTACCCGGA 
AATTCCCACAGTAACGGAAATTCCCACGGATCCTCTAGATTA-3’; 2x[dl-Su(H)] R, 5’-T 
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AATCTAGAGGATCCGTGGGAATTTCCGTTACTGTGGGAATTTCCGGGTACCATT-3’; 
2xdl-Zld F, 5’-TATGGTACCGGGTTTTTCCGAGTAACGGAAATTCCCGGATCCCAGGTA 
GGTCTAGATTA-3’; 2xdl-Zld R, 5’-TAATCTAGACCTACCTGGGATCCGGGAATTTCCG 
TTACTCGGAAAAACCCGGTACCATA-3’; dl-[dl-Su(H)]-Zld F, 5’-AATGGTACCGGGTTT 
TTCCGAGTAACGGAAATTCCCACGGATCCCAGGTAGTCTAGATTA-3’; dl-[dl-Su(H)]-
Zld R, 5’-	  TAATCTAGACTACCTGGGATCCGTGGGAATTTCCGTTACTCGGAAAAACCC 
GGTACCATT-3’; 2x[dl-Su(H)]-Zld F, 5’-AATGGTACCCGGAAATTCCCACAGTAACGGA 
AATTCCCACGGATCCCAGGTAGTCTAGATTA-3’; 2x[dl-Su(H)]-Zld R, 5’-TAATCTAGA 
CTACCTGGGATCCGTGGGAATTTCCGTTACTGTGGGAATTTCCGGGTACCATT-3’;  dl-
Zld-dl F, 5’-AATGGTACCGGGTTTTTCCGAGTCAGGTAGAACGGAAATTCCCGGATCC 
TCTAGAATA-3’; dl-Zld-dl R, 5’-TATTCTAGAGGATCCGGGAATTTCCGTTCTACCTG 
ACTCGGAAAAACCCGGTACCATT-3’; dl-Zld-[dl-Su(H)] F, 5’-AATGGTACCGGGTTTTT 
CCGAGTCAGGTAGAACGGAAATTCCCACGGATCCTCTAGAATA-3’; dl-Zld-[dl-Su(H)] 
R, 5’-TATTCTAGAGGATCCGTGGGAATTTCCGTTCTACCTGACTCGGAAAAACCCGG 
TACCATT-3’.  
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